Thiobacilli are a group of unique bacteria which derive their energy and reducing power for growth from the oxidation of inorganic sulfur compounds and synthesize all cellular carbon compounds by assimilation of carbon dioxide (10) . Some of the thiobacilli, such as Thiobacillus thiooxidans and Thiobacillus acidophilus, have the ability to grow at extremely low pH values, some as low as 1.0. Other members of the genus have additional unique properties, including heavy-metal tolerance and iron-oxidizing functions. Bacteria with these abilities, such as Thiobacillus ferrooxidans, are commercially important in the leaching of metals from mine waste (9) and the microbial desulfurization of coal (1) . Most investigations to date have described the physiological basis for sulfur and iron metabolism in these bacteria. However, genetic analysis of these determinants has been hampered by the absence of any identifiable genetic markers. To begin genetic work with these organisms, we studied the transfer of a broad-host-range plasmid, RP1, into Thiobacillus neapolitanus for the purpose of developing a system for genetic manipulation of thiobacilli. T. neapolitanus, the bacterial strain used in this study, can grow at a pH range of 3.5 to 7.0, making this strain amenable for use in a conjugation system with an organism that grows at a near neutral pH. Plasmid RP1, originally isolated from Pseudomonas aeruginosa (2), carries three selectable drug resistance markers: carbenicillin, tetracycline, and kanamycin. This plasmid has also been shown to have a wide host range (6) (7) (8) . However, no previous mention has been made of the transfer of this or any other plasmid into or from an obligate chemolithotrophic bacterium. Initial studies in our laboratory to determine the natural resistance of T. neapolitanus to antibiotics showed significant levels of sensitivity to carbenicillin, tetracycline, and kanamycin. After establishing the minimum inhibitory concentrations for T. neapolitanus, we defined a selection system for conjugation, utilizing carbenicillin for plasmid selection and growth on inorganic medium for counterselection.
The bacterial strains used in these experiments are listed in Table 1 . Escherichia coli ROE531(RP1), a strain containing plasmid RP1, was used as a donor for the transfer of the plasmid into T. neapolitanus or P. aeruginosa PA02. Transfer frequencies for the respective crosses were obtained in a conjugation system with either liquid or plate-type matings, as described in Table 2 , footnote. Transfer frequencies for these mating experiments are listed in Table 2 . By using this system, T. neapolitanus(RP1) transconjugants were purified and checked for triple antibiotic resistance. Several of these were then used as donors to yield the transfer frequencies shown in Table 2 , which indicates that RP1 can be transferred into T. neapolitanus at frequencies comparable to those of other conjugation systems. It is apparent from Table 2 that the transfer frequency varies between particular donor-recipient combinations and that the transfer frequency for the mating between T. neapolitanus(RP1) and E. coli and P. aeruginosa is significantly lower than that for the other matings. Possible explanations for this are host-induced modification and subsequent restriction of the plasmid DNA upon its entry back into the original donor strain and the variable expression of transfer functions.
To verify the presence of plasmid RP1 in the transconjugants, plasmid DNA was isolated from representative crosses. sen-Olsen procedure (3) which included the following changes: (i) after cells were harvested and washed, they were resuspended and spun at 500 x g for 5 min to remove sulfur precipitates which may interfere with lysis, and (ii) cells were incubated with pronase at a final concentration of 20 pug/ml in place of lysozyme; incubation was at 21'C for 30 min. All remaining steps were the same as those of the Hansen-Olsen procedure. Plasmid DNA obtained in this manner was run directly on an agarose gel and was not CsCl purified. This work represents the first transfer of plasmid DNA from a heterotrophic bacterium into an obligate chemolithotrophic bacterium. These data show that the host range of RP1 extends beyond the heterotrophic bacteria and that the plasmid markers are expressed in a chemolithotroph totally unrelated to its original host. The ability of T. neapolitanus to receive, express, and transmit heterologous DNA suggests that T. neapolitanus contains membrane receptors for sex pili and appropriate replicative functions for the maintenance of plasmid DNA. The significance of this work for future studies of Thiobacillus physiology resides in the possibility of using plasmid RP1 for the manipulation of the genes of T. neapolitanus or other members of this genus.
